We perform continuous-choice Brueckner-Hartree-Fock calculations of hypernuclear matter, using the recent Nijmegen potentials for hyperon-nucleon and hyperon-hyperon interactions. Single-particle observables of the various hyperons in bulk matter, as well as properties of single-and double-lambda hypernuclei, employing an extended Skyrme-Hartree-Fock scheme, are presented. We find that the potentials tend to overbind the single hypernuclei and strongly underbind the double hypernuclei.
I. INTRODUCTION
For the past couple of years, aside from nonrelativistic nucleon-nucleon potentials of very high quality, hyperonnucleon potentials ͓1-6͔, that are consistent with the existing data set on elastic hyperon-nucleon scattering, have also become available for the theoretical modeling of hypernuclei and hypermatter. Recently, a new set of potentials was presented ͓7͔ that also involves, besides the usual hyperonnucleon force in the strangeness SϭϪ1 channel, extrapolations to the hyperon-hyperon (SϭϪ2,Ϫ3,Ϫ4) channels.
Since, unfortunately, at present the data set on hyperonnucleon scattering is rather scarce and of relatively poor quality compared to the nucleon-nucleon case, the corresponding potentials are not very well constrained, allowing for considerable freedom in their construction. We therefore take in this article the opportunity to employ these new potentials for microscopical calculations of hypernuclear structure. The motivation is to judge their quality by confrontation with data of finite hypernuclei, where available. We will therefore present results for single-particle levels of singlelambda hypernuclei, on which quite detailed experimental information exists, as well as discuss the main features of infinite hypermatter with the main relevance for astrophysical applications ͓8͔.
The situation is especially uncertain for the hyperonhyperon channels, for which no scattering information is available at all, and the new potentials, with no additional parameters and obeying an approximate SU͑3͒ symmetry, constitute therefore mere ''extrapolations'' to the SϭϪ2, Ϫ3,Ϫ4 sectors. Regarding this aspect, the only possible confrontation with reality at the moment appears the comparison with information on the potentially observed ͑three͒ doublelambda hypernuclei ⌳⌳ 6 He, ⌳⌳ 10 Be, and ⌳⌳ 13 B ͓9͔; and this is one of the objectives of this paper.
The degree of freedom in the construction of the potentials is evidenced by the fact that in Ref. ͓7͔ actually six different potential parametrizations were given, which fit equally well the scattering data, but produce different scattering lengths in the ⌳N and ⌺N channels. In this article we present results that are obtained with the potentials ''A'' and ''F'' of that reference and compare with results using the ''old'' Nijmegen soft-core potential ͓3͔, denoted ''O'' in the following.
II. FORMALISM
The results we present in this paper are based on generalized Brueckner-Hartree-Fock ͑BHF͒ calculations ͑employ-ing continuous single-particle potentials in the computation of the G matrices͒ of lambda-hypermatter, i.e., symmetric nuclear matter of density N containing a fraction of lambda hyperons with density ⌳ .
The technicalities of these calculations are explained in detail in Refs. ͓10,11͔, and will not be repeated here. We only mention that the principal difficulties are caused by the choice of continuous single-particle potentials for all types of particles involved, as well as by the presence of a large number of coupled channels. This renders the computations very time-consuming. In the following we will make use of the principal results of the calculations, which are the binding energy per baryon as function of the various ͑in our case nucleon and lambda͒ partial densities, B/A( N , ⌳ ), as well as the momentum-dependent single-particle potentials of all types of particles involved, U q (k), where the index q ϭn,p,⌳,⌺ Ϫ0ϩ ,⌶ Ϫ0 labels the different baryons that we take into account.
We will further below present results on certain features of these bulk matter quantities, but also use them as input information for the determination of properties of hypernuclei in an extended Skyrme-Hartree-Fock ͑SHF͒ model ͓12͔. This model was recently employed together with the ''old'' Nijmegen hyperon-nucleon potential, and quite satisfactory results for the properties of single-lambda hypernuclei were obtained. A comparison with the equivalent predictions involving the new potentials is therefore of interest. More importantly, contrary to the old potentials, the new ones involve extensions to the hyperon-hyperon sector and allow therefore to make also predictions for double-lambda hypernuclei, which we will explore as well.
In Ref.
͓12͔ a hyperon-hyperon interaction was not present, so that we introduce briefly in the following the slightly extended scheme involving such a force. For a more detailed account the reader is referred to Ref. 
is the functional accounting for the presence of lambdas, which is due to the action of hyperon-nucleon and hyperonhyperon forces. It can be constructed from the BHF results for B/A as
where the last term corresponds to the kinetic energy contribution of the lambdas. 
.
͑3͒
For this purpose the energy density functional is written instead as
͑4͒
Minimizing the total energy of the hypernucleus, E ϭ͐d 3 r⑀(r), one arrives with Eq. ͑4͒ at the SHF Schrödinger equation
with the wave functions q i and the single-particle energies Ϫe q i for the different single-particle levels i and species q ϭn,p,⌳. The SHF mean fields are
where V N SHF is the nucleonic Skyrme mean field without hyperons and W N the nucleonic spin-orbit mean-field, as given in Ref. ͓13͔ . At the present level of approximation we do not include a spin-orbit force for the lambda, which is justified by the experimental observation of very small spin-orbit splittings. 
The parameters ␣ i and i are listed in Table I for the three different potentials O, A, and F that we use. The functional form of Eq. ͑8͒ is purely phenomenological, whereas that of Eq. ͑7͒ is guided by the fact that the energy density functional can be related to the BHF singleparticle potentials in the following manner ͓12͔:
where U A (B) denotes the BHF single-particle potential component of baryon A due to the presence of baryons B in the medium ͓10͔. In extension to Ref. ͓12͔, the last term on the right-hand side of Eq. ͑7͒ and U ⌳ (⌳) (k) in Eq. ͑9͒ are due to the presence of hyperon-hyperon interactions. We remark that nevertheless we still keep a simple parametrization of the lambda effective mass, Eq. ͑8͒, depending only on the 
III. RESULTS

A. Bulk matter
We begin with a presentation of the principal properties of infinite hypermatter in our model: In order to illustrate the basic features, Fig. 1 shows the complete set of nucleon and hyperon single-particle potentials in pure nuclear matter at saturation density ( N ϭ 0 ϭ0.17 fm Ϫ3 , Y ϭ0) resulting from our calculations. The hyperon single-particle potentials are much less attractive than the nucleonic ones, reflecting the weaker strength of the hyperon-nucleon compared to the nucleon-nucleon potentials. Concerning the effective masses m*/m, indicated by the curvature of the single-particle potentials, those of the lambda are generally smaller than unity, m ⌺ */m ⌺ is very close to unity, and m ⌶ */m ⌶ larger than unity.
Compared to previous BHF calculations employing the much simpler gap-choice prescription for the single-particle potentials ͓7,11,14,15͔, our new results indicate only small changes for the lambda, but substantially more binding for the sigma hyperons. With respect to the potential O ͓10͔, the new potentials predict more binding for the lambda and in particular for the sigma hyperons. More detailed comparisons between the new and old potentials will be given in the following.
The most interesting features that can be extracted from plots like Fig. 1 are the hyperon ''well depths'' U Y (kϭ0), 1 as well as effective masses, as defined in Eq. ͑3͒ for the lambda. The corresponding results are displayed in Fig. 2 as a function of nucleonic density and the values at normal density are also listed in Table II . One notes that the new potentials predict relatively strong attraction for all types of hyperons, which at least in the case of the sigma and the cascade hyperons appears not to be supported by the present experimental information. In the case of the ⌶ hyperons, early analysis of old emulsion data ͓16͔ obtained an attractive ⌶-nucleus well potential of around Ϫ24 MeV, while recent (K Ϫ ,K ϩ ) spectra on ⌳
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C, obtained at KEK and BNL ͓17͔ and analyzed within the distorted wave Born approximation, favor a shallower potential of around Ϫ14 MeV. With respect to the ⌺ hyperon, data on ⌺ Ϫ atoms seemed to be compatible with attractive potentials of around Ϫ25 MeV at 0 ͓18,19͔, while more recent fits including data of heavier atoms suggested a repulsive potential in the nuclear interior ͓20-22͔. A recent comparison of (K Ϫ , Ϯ ) spectra calculated in plane wave impulse approximation ͓23͔ with data taken at BNL ͓24͔ also seems to favor a repulsive ⌺-nucleus interaction, although more sophisticated treatments including the distortions of the incoming and outgoing mesons would be desirable before drawing definite conclusions.
The differences in binding between the three sigma hyperons in symmetric nuclear matter are in the case of the new potentials solely generated by the different masses, whereas the potential O involves explicit isospin breaking in the different sigma-nucleon channels ͓3͔. We also note that the strongly repulsive Lane ͑isovector͒ term, which is responsible for the existence of a bound ⌺ 4 He state ͓25,26͔, comes out to be opposite in sign for the new Nijmegen models ͓23͔. The properties of lambdas will be discussed in more detail below.
Concerning the lambda effective mass, we obtain at saturation density the values m ⌳ */m ⌳ Ϸ0.78, 0.67, and 0.81 for the potentials A, F, and O, respectively. Due to the strength of the new potentials and a repulsive p-wave contribution ͓15͔, the corresponding values are slightly smaller than phenomenological ones reported in Ref.
͓27͔.
After reviewing the properties of individual hyperons in pure nuclear matter, we come now to the discussion of systems with finite strangeness fraction. In this article we will restrict to the most relevant case of lambda hypermatter characterized by partial densities N and ⌳ , or equivalently, total density ϭ N ϩ ⌳ and lambda fraction x ⌳ ϭ ⌳ /.
A particular important aspect of lambda hypermatter is the formation of cascade hyperons via the ⌳⌳→N⌶ reaction, once a threshold of the lambda fraction is reached. Hypernuclei beyond a certain strangeness fraction contain therefore necessarily other types of hyperons besides lambdas ͓28 -30͔. Quantitatively, the lambda threshold density is determined by the equation
where q ‫ץ/⑀ץ‪ϭ‬‬ q are the chemical potentials of the different species ͑depending on the different partial densities͒ and ⌬mϭm ⌶ ϩm N Ϫ2m ⌳ Ϸ23 MeV, is the relevant difference of rest masses of the baryons involved. Due to the fact that this quantity is quite small, the onset of ⌶ hyperons can in principle take place at relatively low strangeness fraction. It depends crucially on the in-medium properties ͑chemical potentials͒ of the three species N, ⌳, and ⌶.
The most relevant information is the lambda fraction x ⌳ corresponding to the onset of ⌶ formation in hypermatter with partial nucleon density N Ϸ 0 , since this resembles the situation in heavy hypernuclei. For this purpose we can write
using the fact that at nucleonic saturation density we have N ( 0 )ϭB/A( 0 )ϷϪ16 MeV, and approximating the ⌶ chemical potential by the BHF well depth. The terms involving partial derivatives of ⑀ N⌳ can now easily be calculated from Eq. ͑7͒, and solving Eq. ͑10͒ we obtain the following values for the lambda fraction at which ⌶ hyperons will start to form: x ⌳ ϭ0.17,0.15, and 0.08 for the potentials O, A, and F, respectively. The value for the potential O has been obtained with the assumption U ⌶ ϭϪ15 MeV and is therefore higher than those for the new potentials, which yield very large ͑but probably unrealistic͒ values for the binding of the ⌶ in nuclear matter, although there is some compensation, since also the lambda is more bound with these potentials. In any case, the phenomenon of ⌶ formation is not relevant for hypernuclei containing only a small number of lambdas, which will be discussed in the following.
In view of the relevance for double-lambda hypernuclei, we display finally in Fig. 3 the BHF single-particle potential component due to the lambda-lambda interaction, U ⌳ (⌳) (k), as a function of lambda density for fixed N ϭ 0 and for two typical momenta kϭ0,k F (⌳) . Estimating very roughly the typical lambda density in a double-lambda hypernucleus as ⌳ Ϸ2 0 /AϷ0.02 fm Ϫ3 for ⌳⌳ 10 Be, one can expect from the figure typical two-lambda bond energies of not more than ϩ0.5 MeV ͑attractive͒ for the potential A and even less for the potential F. This will be confirmed later by our microscopical calculation; however, it can already be stated here that clearly the theoretical value is far too small, compared to the experimental estimate of about 5 MeV ͓9͔.
B. Single and double-lambda hypernuclei
After presenting the principal features of infinite hypermatter, we come now to the modelling of hypernuclei within the Skyrme-Hartree-Fock approach that utilizes these results as input quantities, as explained in the previous section. The most significant results are the lambda single-particle levels of various single-lambda hypernuclei, for which experimental results are available for comparison ͓31,32͔. In Ref. ͓12͔, using the potential O, our model predicted a slight underbinding of heavy hypernuclei. As we have seen, the new potentials produce more binding in infinite matter, which is also reflected in our results for hypernuclei: The lambda single-particle levels e ⌳ i (iϭ1s,1p,1d,1f ) are displayed in Fig. 4 and listed in Table III , which compares the values obtained with the different potentials. Indeed, consistent with the results in infinite matter, the new potentials yield significantly more binding. Even taking into account the theoretical uncertainties involved in our model, it seems that the potential A can be excluded, while the potential F gives actually good results for the heaviest nuclei, however systematically overbinds the light nuclei by about 2 MeV. The rearrangement corrections to e ⌳ i are repulsive and of the order of 1 MeV for light nuclei, decreasing smoothly with A. They improve the agreement of the potential F with the experimental results. As stated in Ref. ͓12͔, the main contribution to the rearrangement correction is provided by the correct treatment of the center of mass.
Proceeding now to double-lambda hypernuclei, we list in Table IV the bond energy
evaluated with the different potentials. Whereas the old Nijmegen potential contains no hyperon-hyperon interaction and yields small negative bond energies due to rearrangement effects of the core ͑see the discussion in Ref. ͓12͔͒, the new potentials do contain such forces and could in principle be able to overcome this effect and to reproduce the experimental values ⌬B ⌳⌳ Ϸ5 MeV, indicating a strong ⌳⌳ attraction. In practice, however, the binding is still grossly underestimated by about a factor 10 with the potential A, whereas the potential F predicts even a slightly repulsive effect. One can relate these results to the BHF single-particle potential component U ⌳ (⌳) , displayed in Fig. 3 . Assuming for simplicity a momentum independent U ⌳ (⌳) ͑which is well fulfilled for very low lambda density͒, one arrives, using Eqs. ͑9͒ and ͑12͒, at
where ⌳ Ϸ 0 /A is a rough estimate of the average density of lambdas in a single-lambda hypernucleus. Indeed, comparing the values given in Table IV and in Fig. 3 , the relation Eq. ͑13͒ is approximately fulfilled for the potential A, whereas the ⌳⌳ interaction in the potential F is so weak and turning into repulsion at higher momenta, that the results obtained are very close to those of the potential O without any ⌳⌳ interaction.
In summary, clearly much more binding in the lambdalambda interaction is required in order to give satisfactory results, even if our model is only quite schematic, neglecting any correlations beyond the mean field, which could be quite important in particular for light nuclei ͓33͔. A related conclusion was drawn in Ref. ͓7͔ , where very small lambda-lambda scattering lengths were obtained with the new potentials.
Since the new potentials fail completely already for the treatment of double hypernuclei, we will in this work not discuss the speculative properties of multihypernuclei.
IV. CONCLUSIONS
We have in this article confronted the recent Nijmegen hyperon-nucleon and hyperon-hyperon potentials with experimental information on single-and double-lambda hypernuclei. Our theoretical framework involved an extended BHF scheme, using continuous single-particle spectra for all species, and, based on these results, a SHF model of hypernuclei.
Even taking into account the theoretical uncertainties of our model ͑like the lack of three-baryon forces and finiterange effects ͓12,27,34͔͒, the results obtained are not very satisfactory: With the new potentials all types of hyperons are too strongly bound in nuclear matter; the single-lambda hypernuclei ͑in particular light ones͒ are overbound, whereas the resulting effective lambda-lambda interaction is by far too weak compared to the values deduced experimentally.
Clearly a readjustment of the potential parameters in particular for the hyperon-hyperon channels is necessary and simple extrapolations guided by SU͑3͒ symmetry are not sufficient, as had actually already been pointed out in the original article ͓7͔.
